. Mitosis in intestinal tissue and intestinal organoids. (A) Maximum intensity projection (3D) and sections (2D) of a vibratome section of mouse small-intestine (tissue) and an intestinal organoid stained with Hoechst (blue), phalloidin (red), and γ-tubulin (green). (B) Sections (2D) of mitotic stages visualised in intestinal crypts of whole tissue and organoids. Interphase cells maintain basally positioned nuclei. During mitosis the apical cell surface remains aligned with neighbouring cells. Chromatin condensation occurs during prophase and the nucleus is displaced apically. During INM, the rounded mitotic cell remains attached to the basal membrane by a basal process (BP). After alignment with the apical surface the metaphase plate forms apically and is directly followed by anaphase in which cells have two clear sets of sister chromatids. The images in the bottom panel are shown for reference and are the same as those shown in Figure 1A . (C) An intestinal organoid (top panels) and small intestinal tissue (bottom panels) stained with Hoechst (blue) and an antibody against tubulin (green). In the top right panels , surface rendering reveals the structure of an apical-basal array of microtubules. The apical surface is marked by a red dashed line. The mitotic cell outlined by a white dashed box in the left bottom panel, is shown enlarged and rotated in the right bottom panel.
. Alternative methods of separation (A) Separation of daughters is enhanced by movement of neighbouring mitotic cells. Displayed are 3D projections of the movements of the progeny of a mitotic cell (Original Mitosis, [Mitosis 1; red] ) and the progeny of two neighbouring mitotic cells (Mitosis 2, green; Mitosis 3; blue). Time 0 marks metaphase of the original mitotic cell. (B) i)Live imaging of a wild-type H2B-GFP organoid. A Paneth cell can be clearly identified based on morphology and distribution of neighbouring nuclei (dashed line). A mitotic cell (white stars) proximal to the Paneth cell divides to produce two daughters (white balls) who separate and then renter the epithelial plane adjacent to the Paneth cell. ii) Fixed image of small-intestinal tissue, stained with Hoechst (Blue), β4-Integrin (red), lysozyme (magenta) and phalloidin (green). A recent mitosis produced two daughter cells (1, 2*) which have become separated and have reinserted on either side of the Paneth cell. The image is a duplicate of Figure 5A , showing lysozyme staining. (Yin et al., 2014) . Treated organoids retain crypt-villus architecture. Scale bar = 100µm (B) Daughter cell placement after mitosis was scored in H2B-GFP organoids using time-lapse movies. Organoids were treated with Chir99021 and valproic acid to increase the stem cell content along the crypt-villus axis, or they were chronically treated with 10μM Chir99021 for 4 days to induce cyst formation in WT organoids. Division subtypes were compared to untreated organoids (ENR). Data was compared to the dataset in Figure 4B . (ENR N = 6 organoids, N = 491 mitoses; ENR-CV (branched) N = 3 organoids, N = 351 mitoses; ENR-C (cyst) N = 3 organoids). (C) A wild-type H2B-GFP organoid chronically treated with 10μM Chir99021 for 4 days (left panel), scale bar = 100µm. Right panels highlight individual frames from live-recordings displaying a representative mitosis during prophase, apical interkinetic nuclear migration (ANM) and cytokinesis. 3D (maximum intensity projections,) and transversesections (2D) are shown. Scale bars = 5µm (D) Dynamics of interkinetic nuclear migration during mitosis in Chir99021 treated organoids were measured relative to the starting distance (N = 10 cells). Data is displayed as mean +/-SEM. Measurements of the mother (black line) and daughter cells (red and blue lines) are superimposed. The wild-type dataset displayed is the same dataset as displayed in Figure  7D . (D) Interkinetic nuclear migration is quantified as the distance of the query cell in reference to the epithelial plane in which it originated. The plane of the epithelium is defined as the plane in which neighbouring nuclei are located. A plane is defined by the co-ordinates of 3 points. Therefore the distance was measured between the query cell and the plane formed by 3 of its neighbour nuclei. This process was repeated utilizing 5 neighbour cells. The average distance for each of these 10 planes was determined as distance from the epithelial plane. (E) Examples of INM measurement for a cell undergoing adjacent placement (Adjacent) or post-mitotic separation (Separated). Distances were determined for each time-point during prophase and for each of the daughter cells (red and blue lines).
